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DESIGN 0? A REINFORCED CONCRETE fERVICE }3UILDING.
INTRODUCTION.
In choosing this subject for a thesis the v/riter had
two objects in view. Fir^t, being particularly interested
in the subject of reinforced concrete building construction,
he desired to become more thoroughly familiar v;ith the de-
tails of such construction than it is possible for a student
who merely avails himself of the courses offered to an under-
graduate, to become. This object he has attempted to
attain by obtaining the architect's plans for a four story
building, and, imagining himself in the position of the
designing engineer, making a complete design of tl;e building
and furnishing the engineer's plans necessary for its
erection. V/hile the building was co.nplctely designed, lack
of time has prevented the writer from making a full set of
the detailed drawings 7/iiich would be necessary for its
erection, and has forced him to content himself with fur-
nishing only a typical drawing for each of several parts. Second,
the writer desired to compare the amount of steel recuired
in a building designed by the Turner :,iushroom SysteL": with the
amount recuired by a more conservative design. In order to
attain this object the writer has made his design along the
general lines of the Turner Ivlushroom System, and, for the
purpose of comparison, has obtained the detailed dravfings
of the sime building made by an eminent consulting engineer.

(2)
DESCRIxTIOW OF BUILDING.
The buildinp: chosen if. ^ service building which has been
erected for tne use of the Ford Motor Company at Colurnbus,
Ohio. This building was desif.neci and erected under the
supervision of Mr. T. L. Condron, Consulting Engineer, of
Chicago, 111.
The plan of the building is 205 feet 6 inches by 106 feet,
as shown by Drawing ITo. 4. The east and south sides face
on public streets. On the north side is a spur track at an
elevation of S.16 feet belov; the firct floor level. On tlie
west sice is a vacant lot. Four concrete inclines run from
the first floor level to the street level, two on the south
side and two on the west side.
The buildinp: is four stories hif?h, witi a full basement
below the street level. The story heights are f^hov/n on
Drawing No. 2. Two elevators 10 feet 6 'nches by 17 feet,
one running to the roof and the other to the fourth floo: .ire
located as shown on Drawing IIo. 6. The location of the
smoke-stack, 108 feet in height, and of the boiler room
,
ic shown on Drawing Ko. 4_,P^i^ There are two stairv/ays, as
shown on the floor plans, the v/est stairway runnin? through
to the roof and being covered by a s.iylight, the east
stairway stopping at the fourth floor. The entire building
is constructed of reinforced concrete. The floor slabs are
of the girderless type.
SYSTEM OF DSSIGIf.
As stated above, the system Vv-hich t]:e writer has used
is this design is essentially the Turner ;.Iushroom system.
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The writer has not, however, heaitated to deviate from
the Turner system in ninor details v'lrro it has appeared to
him that conditions justified him in so doing as is shown
by the following examples.
lie has used the Turner umbrella column top, but h; s
also dropped his slab around the coluiim to take care of ex-
cessive circuiiferential shear. The Turner system does not
include the dropped sln.b.
A stirrup with a rod projecting into the slab, as shown
on Drawing ::o. 9, has been used on ti:e spandrel beams, the
idea being to martially relieve the stress and to distribute
any cracks which might occur due to the negative bending
moment at the center of the span along the wall beams.
The straight column rods are butted together and gas
pipe sleeves are used as splices. Dowel rods arc necessarily
used on the colmm rods which are bent out into the slabs.
The Turner four-way system of reinforceiaont was used
in the floor slabs. The reinforcing? rods run from column to
, of vvidfhscolumn around tno sides of the panel in belts^ pproxi'mately
seven-sixteenths of the panel length, and two additional
oelts of the same width run diagonally across the panel. The
general method of design in this system consists in providing
for the positive bending moment at the c::nter of the panel,
and in bringing the rods up over the umbrella column top and
lapping them to care for the negative bending moment around
the support. In computing the positive bending moment at the
center of the panel, l.lr. Turner recommends the use of vVL/50
with a stress of 13,000 lbs. per sq. in. in :.ne steel. This
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is equivalent to about .7L/4L.5 with a unit stress of 16,000
lbs. per sq. in. in the steel. The writer, in hir> desifrn,
has reduced this coefficient to Vv'L/40 with 16,000 lbs. per sq.
in. in the steel. He wishes to state, hov;ever, that he
fully realizes that the use of any coefficient less than
l/£5 for the bending moment at the center of the panel is
not advocated at the present tirae by the leading engineers
of this country.
Art. 1. WOHKIUG STRESSES.
The working stresses used in this design are, as follows:
Bearing power of soil 3 tsns per sq. ft.
1:2:4 Concrete:
Ratio of moduli of elasticity 15
Compression-extreme fiber- bending. ... 600 lbs. per sc. in.
Direct compression 600 " " "
Axial compression (coluiirns, 1,. to
4:p of vertical steely lyo of spiral) ... 650 "
II
rr M H
Maximum axial compression (average of
concrete and cteel) not to exceed. ... 1000 " " " "
Diagor'al tension or shearing:
Without web reinforcement 40 " n u v
^7ith " " 100 " " "
Bond, plain round bars 75 " "
1:1-1/2:3 Concrete:
Axial compression (columns l/o to
4% vertical steel. 1% spiral) 750 " " "
On exterior colu:.ans 650 "
fr
II
n If n
Maximum axial compressior. 'average of
concrete and steel) not tc exceed. ... 1300 " " " "
On exterior columns 1000 " " " "
J
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Art. 2. NOTATION.
In the computations to follow the notation r-i ven holov/
will bo used.
As denotes area of steel.
A " area of concrete enclosed by spiral,
as " area of steel in a p:iven belt.
I'll " bendinp: moment.
fc " allov;able imit compressive stress on concrete.
fs " " " stress in steel.
n " ratio hetvreen the moduli of elasticity of
steel and concrete.
Art. 3. DESIGN OF FLOOR SLABS.
As an illustration of the design of a floor slab, the
computations for the desig-n of the panel betv/een columns
15,14,2 3 and 24 on the first floor v/ill be given, as this is
a typical interior panel.
The panel is 25 fe^t by 27 feet.
The live load is 150 lbs. per sq. ft.
A 9 in. concrete base and a 1-3/4 in. cement finish is
to be used, the finish to be an integral part of the slab.
V/eight of slab eouals 1.0 x .9 x 150 equals 135 lbs. sq.ft.
Total load " 150 plus 135 " 285 "
Panel " " 27 x25 x 285 " 192,000 lbs.
^ " 192.000 X 27 " 130,000 ft. lbs.
40
" 130,000 X 12 " 12.32 sq. in.
16,000 X 7/8 X 9

as ecjuals 12.32/4 equals ..
Will use 5/8 in, round rods
3.08 so. in.
Nuiabor of rods required in each belt
equals 3. 08/. 1104 equals
Spacing of rods equals
28
4.7 in. O.C.
Width of "belt equals 7/16 x 25 equals 11 ft.
Desif:n of Slab Around Colunn.
A 22 in. column was chosen as this is tlie smallest
diameter of colui:in that occurs under this loading.
For explanation of notation used see Fip-ure 1, page 7.
d equals 192
,
OrC'/S. 1416 x 10.75''x 80 equals 72 in.
Slab was dropped 4 inches.
di equals 192,000/3.1416 x 14.75 x 80 " 52 "
Ti " 192, OCO/3. 1416 x 22 x 80 " 32 "
The distance T]_ was made 3 feet below bottom of floor
slab.
Design of Cantilever Slab Between Columns 1(0 , 21 , 2 8 , and 45.
To illustrate this design the computations for the
cantilever slab between columns 9 and 10 will be g:i ven. The
steel from the adjacent panel , running noraially and diagonally
to the line connecting the center line of columns 9 and 10,
will be bent up into the top of the slab after paseinfr the
center line of the columns. The band running parallel to
the line connecting the center line of the two coluinns will
remain in the bottom of the slab, and the column tops -ill be
extended to give it support, as shown in Figure 2,^ It' is
believed that in this way the live load and the T^eight of the
slab may be safely neglected in designing the cantilever.
Hence, it is sufficient to add steol in the top of the slab
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to carry tiie weip'lit of the brick wall ^}iown by shaded por-
tion in Figure IJo. 2. The cteel for this portion of the
slab wer computed as for a true cantilever, with a load per
lineal foot equal to the v/ei.'^lit of the wall per lineal foot,
and a moment arm of 3 feei 6 inches.
Calculations,
Distance betvv'een belts perpendicular to '"Pll
equals 25 minus 11 equals .14.0 ..t.
>7eight of v/all per lineal foot equals 1670 lbs.
M equals 167C x 3.5 " ...5830 ft. lbs.
As " 58S0 X 12/16,000 x7/6 x 9 " ...0.556 sq. in.
Use 1/2 in. rounds, 4 inches C. C.
The amount of additional steel necessary to carry the
weifrht of this cantilevei vas computed for the band running
between columns 9 and 10 parallel to the wall.
Cantilever Panel in Roof ^-lab.
:7hile this building is of the girderless tsrpe, it was
decided to use beams around elevator shafts and stair wells.
In these cases the lir:ht is necessarily shut off in any
type of construction, and the u&e of beams aroimd the openings
was found to be cheaper than the .crirderless construction. In
the rocf slab, however, it was found that, on account of the
narrow space between the smoke-stack and the west elevator,
and the excessive load of the pent-hoase, 27 feet in heighth,
which had to be carried, the use of beams would reeult in a
narrow, deep, ill-proportioned member. iJence, a cantilever
panel with a wide, shallow beam was resorted to. For the
location of the pent-house walls contributing the loads, and

Figure J-

(10)
beajns and bands of steel in the .slab, see Pip^re 3, pap-e 9.
The loads fro.n the pent house walls are, as follows:
.all "A" equals 7r,400 lbs.
" "B" " 106,900 "
" "G" " 64,500 "
" "D" " 64,600 "
Computations.
Beam "B".
Live load equals 100 lbs. sq. ft.
Dead " " 1.0 x .8 x 150 125 " " "
Total " " 225 " " "
Panel " " ( 27 x 25 x 225) /5 32,000 lbs.
V/all "D" " 54,600 x 112/2 74 22.300 "
Half of V.'nll "D" is concentrated at a
point 8 feet from left support.
The other half is distributed over 19
feet of beam from rip-ht support
Wall "B" equals 106,900 "
" "B" is distributed over 19 feet
of beam from right support
Weight of Beam "B" equals 17 , SCO "
Total load equals 178,700 "
M equals C.8of M for simple beam equals 615,000 ft lbs.
As (615,000 X 12)/16,0C0 x 7/0 x 30 equals 17.60 sq.in
UselSy 1-1/8 in. round rods. Section: 84 in. x 31-3/4 in.
Beam "C".
Panel load equals 25 x 25 x 225)/5 equals. 28,100 lbs.
V/all "C" " 64,500 "
V/eight of Beam "C" equals 16,200 "
Total load " 108,800 "
M equals 292,000 ft. lbs.
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AS equals ( 292,000 x 12 )/( 16,000 x 7/8 x 30)
equals 6,35 sq. in.
Use 14,7/8 in. round rods. Section: 84 in. x 31-5/4 in.
Steel Band "A".
Panel load equals (27 x 25 x 225)/5 equals. 32 , 000 lbs.
"
" due to dead load of
deepened slab, equals 85,000 "
.Vail "A" " 72,400 "
Total load equals 189,400 "
M equals (189,000 x 27)/l0 equals 510,000 ft. lbs.
As " (510,000 X 12)/(16,000 x 7/8 x 20)
equals 22.0 sq. in.
Use 34, 7/8 in. round rods. V/idth of band equals 9 feet,
10 inches.
Steel Band "D".
Panel load oc^uals (27 x £5 x 226) /5 e.^uals.32,C00 lbs.
"
" due to deal load of
deepened slab equals 49,000 "
17all "L" equals 54,600 x 262/274 equals. .. .32,300 "
Total load equals 113,300 "
11 equals (113,000 x 25)/l0 equals. 282,000 ft. lbs.
As equals (282,000 x 1£)/(16,000 x 7/8 x 20)
e^^^als 12.10 sq. in.
Use 28- 3/4 in. round rods. V/idth of band equals 8 feet,
6 inches.
The proportion of the weight of T/all supported by the slab
on each side of the elevator-door opening, was determined by
moments, as shovm above.
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steel Band "E".
The slab is considered as cantilevered from a point 5 fee-"
6 inches from the line connectinp* the center lines of colunins
£5 and Eo^^cf^x rying a uniform load of 360 lbs. per square
foot^ and tue proportion of 'Vail "D" assip-ned to this part of
/s
the slab, as above .^concentrated at the end of the cantilever.
Then:
"Veiput ox /.all "D" equals 32,300/6 equals 5,400 Ibs.lin.ft.
M equals 6,400 x 4.83 plus (4.83)'-/2 equals 30,30C ft. lbs.
As " (30,3CC X 12)/16,000 x 7/8 x 20 " 1.30 sq. in.
Use 5/8 in. round rods, 3 inches 0. C.
Width of band equals 6 feet.
Steel Band "P".
The slab is considered as cantilevered from a point 4
feet from the line connecting the center lines of columns 25
and 30, carrying: a uniform load of 360 lbs. per square foot,
and a concentrated load of 'Vail "A", placed at a distance of
3 feet from the end of the cantilever.
Then;
iVeight of ;Vall "A" equals 72, 400/11 equals 6,580 Ibs.lin.ft.
M equals 6850 x 6 plus 360 x 9'^/2 " 55,600 ft. lbs.
As equals (55,600 x !..)/( 16, OCC x 7/8 x 20)
equals 2.38 sq. in.
Use 7/8 In. round rods, 3 inches 0. C.
V7idth of band equals 13.0 feet.
s
Art. 4. DESIGN OF BEAMS.
The beams of this buildinp are designed by the straipht
line formula, nej;^-lect.i np: tenp.ion in the concrete, ',Veb rei n-
force::ient consist ;4 of stirrups. Tension rods, where not
needed at the bottom of the bram to carry the moment, are
bent up and carried over the support to take tiiu negative
bending moment at that place. They are extended approximately
one fifth of the panel length into adjacent beams ,where possi-
ble, in order to reach the point of iiiflection. The bent-
up rods are not considered in designing the v/eb reinforcement,
but are loft as an additional factor of safety. Tvhere required,
compression steel is placed in the top of the beam. Attention
is called to Drawing No. %^i"or a detail of a typical beam, and
for rod-bending details.
Art. 5. DESIGN OP GOLU:MS.
The colu_ans are designed by Turneaure and Maurer's for-
mula, P efuals fcA(l plus p(n-l.).
The amount of vertical steel is kept between the limits
of £ and 4 per cent of the area of the Gor.crote enclosed by
the spiral hooping. The average percentage of v rtical steel
used is 2. Spirals are used, but are not considered as taking
any direct stress. The area of the spiral- steel is maintained
at 1 per cent of the area of the column core.
The colu!nns are designed to carry the following loads:
Total dead load, plus
Fourth story,. 100;^ of live load.
Third " 90^i) " " "
Second "
. . . . 85>^ " " "
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First story BO/o of live load.
Base-Jient 75,. " " "
/i 1:1-1/2:3 mix of concrotG is used in all oolurans, and
a unit compressive stress of 750 lbs. per so. in. is used on
interior columns. This stress is reduced to 650 lbs. per sq.
in. in v/all columus in orcier to allov/ for v/ind pressure £.nd
eccentricity of loading.
The column rods are bent out into the footing- to dis-
tribute the punching shear, and, on ir.terior columns, are
bent out into each floor slab to carry the column top. The
straight rods are butted together at each floor and spliced
with a gas pipe sleeve. Por column schedule, see I^rawing ITo.
1. i'or colunin details, see I>rawings ITos. 2^^ancL o^PBt,
Art. 6. DESIGIT Oi^ CURTAI:M AND RETAIIIII^G "'ALLS.
The reinforcement in the curtain and retaining walls is
arbitrarily assigned by the specifications, as l/£ in. round
rods, 12 in. 0. C.
,
horizontally and vertically, in alter-
nate faces of the v;alls. This steel was put in according to-
the specifications, but was first checked up, a wind pressure
of 30 lbs. per sq. ft. being used in coruputing the steel for
the curtain walls, and an equivalent fluid pressure of 30 lbs.
per cu. ft. being used in computing the retaining v;alls. The
steel required by the r ecifications was found to be sufficient
Drawings ilos. 8, and show typical wall sections.

— nn
:.rt. 7. DiL.SiGi^ Oi)' i''GC TINGS.
In desi^ninp" the footings, the bearing power of the coil
was assumed to be 3 tons per sq. ft. That colvunn which
has the highest percentage of live lo.j.d was chosen, and the
area of the required footing determined on the basis of this
bearing pov/or of the soil. The unit pressure, due to dead
load alone, over this area was then determined, and the area
of the remaining footings computed by dividing the total dead
load of the colua by this unit pressure. The footings were
then designed as inverted slabs, carrying a uniform load and
supported in the center of the area by a circular column.
The detail of a typical footing is shown on Drawing IIo. i,f^25
It will be noted that the footing is stepped. Pour-way rein-
forcement is used in the bottom tier, and two-way in the top
tier. The steel in the top tier was not co^nputed, but 1/2 in.
round rods in the smaller, and 5/8 in. round rods in the
larger footings, are arbitrarily placed 6 inches 0. C. to
assist in dictributing the load from the columns. The unit
bond stress was slightly excessive, so the rods will be anchored
by means of hooks. lo web reinforcement is used. A schedule
of square footings, showing width, depth and steel reouired in
each tier, is given on Drawing Mo. 5» page 23.
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CONGLUSICN.
The writer was imable to obtain a complote set of the
original desifrner's drawings of this building; hence, he is
unable to make the best possible comparison of the relative
economy of the two designs, based on the total amounts of
steel Mnd concrete required by each design. He is, however,
able to compare tlio quantities of steel and concrete required
by each design for a floor slab anel, and for two similarly
located columns.
The finel between columns 13,14,23, md 24, on the first
floor, is chosen for t/;is comparison. The original design
required for this panel, 3000 lbs. of steel and 22.96 cu.
yds. of concrete. The writer's design requires 1733 lbs. of
steel and 22.95 cu. yds. of concrete, -iving a saving of 42
percent in steel, the concrete being the same for both designs.
Of the colunns, coluim ITo. 20 is chosen for a similar
comparison. Table o. l^shows the results of this comparison.
Figuring on a basis of relative cost of steel to concrete
per unit volume of 80 'a fair estimate figure), the relative
cost of the original design to the v.riter's design of a single
panel floor slab is as 1.23 to l.CC, and of column I^o. 20, as
1.11 to l.CO. The amount of steel used in the walls and
footings is about the same in the two designs.
The comparison as to floor slabs made above, shows, as
was to b expected, that the Turner system of design is the
more economical of the two in the use of steel. In general,
the writer believes that it is more economical as to total cost.
The co.nparison made between the two designs of column I^o. 20
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is not a fair one. It will be noted tiiat tlie difference in
coi^t between too two designs is due to the fact that tj.e
original designer contracted his column cores and used a higher
percentage of steel than did the writer. He may have been
forced to do thjs in order to obtain as small a coluran as
poseible, a rostriction which was not placed upon the writer.
it is a well-known fact that it is cheaper to carry com-
pressive stresses by concrete than by steel, this rostriction
(if it existed) would naturally give the writer the cheaper
column.
In conclusion, the writer wishes to say that the use of
the diagonal belts of rods, of the eoluiim tops to carry the
slab steel to the top of the slab over the supports, and the
concentration of metal around the supports where it is most
needed to care for the negative bending moment and shear, and
finally the element of economy, make the Turner ilushroom
system appeal particularly to the writer. He, however, realizes
that this raeti-.od of reinforcing does not lend itself readily
to an analysis of the stresses occurring in the steel, and
that a majority of the ler.ding engineers of the country do not
advocate the use of a coefficient smaller than 1/25 for the
bending moment at the center of the span.
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